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fwirn fomewhat deep in the Water,(bmetimes are catch'd, 
though not often. The Seamen have reached them with 
a Fifgig, a kind of barbed Iron, at the end of a Pole trjed 
faft to a Rope, and have made good chear with them. 
Bat this is only my Conje&ure, with which I end my 
Journal. Deo Servatori Laus. 



HI* A Method of Kaiftng an infinite Multinomial 

to any given Power t or Extracting anypiven 
Root of the fame. By Mr. Ab. De Moivre. 

'*TpIS about two Years finqe , that confidering 
JL Mr. Newton s Theorem for Raifing a Binomi- 
al to any given Power, or Extracting any Root of the 
fame j I enquired* whether what he had done for a 
Binomial, could not be done for an infinite Multino- 
mial. I foon found the thing was poffible, and effe&ed 
it f as you may fee in the following Paper ; I defign in 
a little time to (hew the lifes it may be applied to : 
In the mean while, thofe that are already vers'd in the 
Docftrine of Infinite Series, and have &en what Appli- 
cations Mr. Newton has made of his Theorem, may of 
themfeives derive feveral Ufes from this. 

I fuppofe that the Infinite Number Multinomial is 
azArbzz^cz^dz^ez^ &c. m is the Index of the Pow- 
er, to which this Multinomial ought to be Rais'd, or if 
you will , 'tis the Index of the Root which is to be Ex- 
tracted : I fay that this Power or Root of the Multi- 
nomial, is fuch a Series as I have expreft. 

For the Underftanding of it, it is only neceflary to 
confider all the Terms by which the fame Power of z. 
is Multiplied ± in order thereto I diftingui/li two things 
in. each of thefe Terms ; i-° The Product of certain 
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Powers of the quantities, a, b, c, d, &c«~ %° the £>#c/# 
(as Onghtred calls ? em) prefix t to the (e Produds, To 
find all the Produds belonging to the fame Power of 
z, to that Produd> for inftance, whofe Index is w-j-r 
(where r may denote any integer Number) I divide 
thefe Produces into feveral Clafles ; thofe wiiich imme- 
diately after (erne certain Power of a (by which all 
thefe- Produds begin) have b, I czll Product's of the i r(l 
Claffis $ For Example a m '*fce is a Produd of the i rft 
ClafiS) becaufe b immediately follows a 1 ** ; thofe which 
immediately after fome Power of a have c 9 I call Pro- 
duds of the x d Claffis, Co a m 'Hcdis a Produd of the 
a d Claffis ; Thofe which immediately after fome Power 
of a have d } I call Produds of the 3 d Cadis, and fo 
of the reft. 

This being done, I Multiply all the Products belong- 
ing to z'^ 7 '- 1 (which precedes immediately z m + r ) by b 
aod Divide 'em ail by a; z° I Multiply by c and Di- 
vide by a, ah the Produds belonging to 2^-% Except 
thofe of the i^Claffis; 3 1 Multiply by d and Di- 
vide by a ail the Produds belonging to z m+r '\ Except 
thofe of the i rft and z d Claflis, 4 I Multiply by e 
and Divide by a all the Terms belonging to z m + r '\ Ex- 
cept thofe of the i rft ,'x d and 3 d Clafis, and fo on, till 
I meet twice with the fame term, L&ftiy, I add to all 
thefe Terms the Product of a m ' 1 into the Letter whofe 
Exponent is r-j-i. 

Here I mull take notice that by the Exponent of a 
Letter, I mtan the number which expredes what Place 
the Letter has in the Alphabet, (b 3 is the Exponent of 
the Letter c becaufe the Letter c Is the 3 d in the Alpha- 
bet. 

It is evident that by this Rute 8 you may eafily find 
all the Produds belonging to the feveral Powers of z % 
if you have but ths Produd belonging to z m , viz. a m . 

To 
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Ta find the Vncia which ought to be pfefixt to eve* 
ry Produd, I confider the Sum of Unus contained in 
the Indices of the Letters which compofe it (the Index 
of a excepted) I write as many Terms of the Series 
fwVw— ijxw— xxw— 3^c. as there are Vnits in the Sum 
of thefe Indices* this Series is to be the Numerator of a 
Fra&ion, whole Denominator is the Prcduft of the fe- 
veral Series ixxx 3x4x5, CSfc. 1x2x3x4x5*, &c. 
IXXX3X4XJX6, &c. the i ltt of which contains as 
many Terms as there are Vnits in the Index of b , the x d * 
as many as there are Vnits in the Index of c, the 3 d as 
many as there arc Vnits in the Index of d y the 4 th as 
many as there are Vnits in the Index of e 9 &e. 

Demonstration. 

To raife the Series az+bzz-jrczi + dz* 9 &c. to a* 
ny Power whatlbever, write fo many Series equal to it 
as thefe are Vnits in the Index of the Power demanded. 
Now it is evident that when thefe Series are fo Multi- 
plied, there are feveral Produtts in which there is the 
fame Power of 2, thus if the Series az^rbzz-Ycz^dz* 
(§c. is rais'd to its Cube, you have the Produces 
fc& 9 aba£ % aadz\ in which -you find the fame Power z 6 
Therefore let us confider what is the Condition that can 
make feme Produces to contain the fame Power of*, 
the firft thing that will appear in relation to it, i$ that 
in any Produft whatfoever, the Index of z is the Sum 
of the particular Indices of sin the Multiplying Terms 
(this follows from the the nature of Indices) thusfcz 6 
is the Product of bz z t bz\ bz\ and the Sum of the In- 
dices in the Multiplying Terms, is 2+2+2= 6 ; 
vbcz 6 in the ProdutSfc of az, bzz y t* 5 , and the Sumof them 
Indices of z in the Multiplying Terms is 1+2+3=6 
*ad& is the Produ<9: of az,az,dz* f and the Sum of the 

Z222 Indices 
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indices of * in the Multiplying Terrfis is 1+1+4=6 j 
the next thing that appears is, that the Index of z in 
the Multiplying Terms is the fame with the Exponent of 
the Later to which z is joyn'd, from which two Gorifi- 
derations it follows that, To have all the Produfts be- 
longing to a certain Power of z 9 you muft find all the 
Products where the Sum of the Exponents of the Letters 
which compoje 'em fhall always be the fame with the In* 
dex of that Power. Now this is the method I ufe to find 
eafiJy all the Produ&s belonging to the fame Power of 
z, Let m Yr be the Index of that Power, I confidcr that 
the Sam of the Exponents of the Letters which corn- 
pole thefe Produds muft exceed by 1 thole which 
belong to m* n + r - 1 , now becaufe the excefs of the Expo- 
nent of the Letter b above the Exponent of the Letter 
a, is r, it follows that if each of the Produ&s belong- 
ing to z m + r ' 1 is Multiplied by b, and Diuided by *, you 
will have Produfts the Sum of whole Exponents will 
bew+r; Likewife the Sum of the Exponents of the 
Letters which compofe the Produ&s belonging to z m + r 
exceeds by 2 the Sum of the Exponents of the Letters 
which compofe the Produfts belonging to z™**'" 1 ; Now 
becaufe the Exponent of the Letter a is Ms by z than 
the Exponent of the letter c, it follows, that if -each Pro- 
dud belonging to z m + r ' z is Multipli'd by c and Divi- 
ded by a, you will have other Produ&s the Sum of 
whofe Exponents is ftillw+r; Now if all the Prod u&s 
belonging to z m + r ' z were Multiplied by c and Divided 
by a> you would have fome Produ&s that would be the 
fame as fome of thofe found before, therefore you muft 
except out of 'em thofe that I havecaU'd Produ&s of the 
i* ft Claffis ; what I have faid (hows why all the Produ&s 
belonging to z m+fmi $ except thofe of the r rft and 2 d 
Claffis muft be Multipli'd by d and Divided by a : 
Laftly, you fee th§ Reafon why to all thefe Produces is 

added 
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added the Produft of a m l by the Letter whofe Exponent 

is r-j-i ; Tis becaufe the Sum of the Exponents is ftiil 

As for what relates to the Vncia ; obfave that when 
you Multiply azArbzz^cz^dz^ , Qfc. by az-\*lzz-\-cz* 
dz\ &c } each Letter a, b, c, */, @V. ,of the z d Series 
is Multipli'd by each of the Letters a> I, c y d, &c. of 
the i rft Series ; Thus the Letter a of the 2 d Scries is Mul- 
tipli'd by the letter I of the i rft , and the letter b of 
he z d Series is Multipli'd by the Letter a of the i rft * 
therefore you have the 2 Planes, ab % ab or i^ ; for the 
fame reafon you have iac f tad, &c. Therefore you muft 
prefix to each Plane of thofe that compofe the Square of 
the Infinite Series az-\-bzz-\-cz* , &c. the Number which 
expreffeshow many ways the Letters of each Plane may 
be changed; Likewife if you Multiply the Product of 
the two preceeding Series by az\bzz*\-cz 7 > , &c. each 
Letter a, b y c> d, of the 3 d Series is Multiplied by each 
of the Planes form'd by the Produft of the i rft and z d 
Series; Thus the Letter a is Multiplied by the Planes be 
and cb; the Letter b is Multiplied by ac and ca ; the 
Letter c is Multiplied by ab and ba; therefore you 
have the 6 Solids, abc, acb % bac^ bca, cab, cba k or 6abc ; 
Therefore you muft prefix to each Solid whereof the 
Cube of the ^Infinite Series is cempos'd, the Number 
which expreffes how many ways the Letters of each 
Solid may be Changed. And generally, Ten mufl pre- 
fix to any Produll whereof any Power of the Infinite Series 
az-\-bz%r\-cz^ , &c. is composed the Number which expreffes 
how wan) ways the Letter of each Produft way be changed. 

Now to find how many ways the Letters of any Pro- 
dud, for inflances a m ' n b h c?d r may be changed ; this is the 
Rule which is commonly given : write as many terms 
of the Series 1x1x3x4x5', &c. as there are Units in 
the Sum of the Indices, viz. m — »+£-j-^Hb r > let this Series 

Z222 x be 
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be the Numerator of a Fraction whofe Denominator 
ihali be the Product of the Series, IXXX3X4X5 1 , &c. 
i x ix 3 x 4x5:, &c. 1x2x3x4x5x6,^ x xxx3X4xy, 
&c whereof the i rft is to contain as many Terms, as 
there Units in the i r(l Index n—*n • the z d as many as 
there *re Units in the x d Index h ; the 3 d as many as 
there are Units in the 3 d Index p; the 4 th as many as 
there are Units in the 4 th Indexs r. But the Numera- 
tor and Denominator of this Fraftion have a common 
Divifor, viz. the Series 1x2x3x4x5',^. continued to 
fb many Terms as there are Units in the 1^ Index w— -n; 
therefore let both this Numerator and Denominator be 
Divided by this common Diyifior, then this new Nume- 
rator will begin with w — »-f-i , whereas t'other began 
with 1, and will contain fo many Terms as there are 
Units in 6-^-p^-r , that is fb many as there are Units in 
the Sum of all the Indices, excepting the i rft ; as for the 
new Denominator, it will be the Produft of 3 Series 
only, that is of fo many as there Indices, excepting the 
s rft . But if it happens withal, that n be equal to 
h-\-p-\-r as it always happens in our Theorem, then the 
Numerator beginning by m — arf-i • and being continu- 
ed to fb many Terms as there are Units in £-f-/-f-r or 
#, the laft Term will be m neceflarily, fo if you in- 
vert the Series and make that the firft Term which was 
the Laft,theNumerator will be m x m — 1 x m — i x m — 3, 
&a conntinued to fo many Terms as there are 
Units in the Sum of the Indices of each ProduA, ex- 
cepting the i rft Index. There remains but one thing 
to demonftrate which is, that, what I have faid of 
Powers whole Index is an Integer, may be adapted to 
Hoots, or Powers whofe Index ts a Fraction ; but it 
appears at firft fight why it fhould be fo ; for , the 
dame Reafbn which makes me confider Roors un- 
der the Notion of Powers, will make me conclude, 

that 
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that whatever is faid of one may be faid of t'other. 
However I think to give fometime a more formal De- 
monflration of it. 

See the Theorem Fig. 5*. 



IV. A Demonfiration of an Error committed by 
common Surveyors in comparing of Surveys 
taken at long Intervals' of Time arijing from 
the Variation of the Magnetic^ Needle 5 by 
William Molyneux Efas F. R. S. 

TH E Variation of the Magnetick Needle is fo 
commonly known, that I need not infift much 
on the Explication thereof, 'tis certain that the true So- 
lar Meridian, and the Meridian fhewn by a Needle, 
agree but in very few places of the World ; and this 
too, but for a little time (if a Moment) together. The 
Difference between the true Meridian and Magnetick 
Meridian perpetually varying and changing in all Places 
and at all Times ; fometimes to the Eaft ward and (bine- 
times to the Weft ward. 

On which account 'tis impoffible to compare two Sur- 
veys of the fame place, taken at diftant times, by Mag* 
netick Inftruments (fuch as the Circumferentotfcy whicfo 
the Down Survey, or Sir William Petty's Survey of $r& 
land was taken ) without due allowance be made for 
this Variation. To which purpofe we ought to know 
the Difference between the Magnetick Meridian and true 
Meridian at that time of the Down Survey, and the faki 
Difference at the time, when we make a New Survey to 
compare with the Down Survey* 
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